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摘  要 
 I




















的应力，我们对包覆有不同 Pd 壳层厚度的 Au@Pd 纳米晶体的表面和界面结构
进行了详细的表征和分析。结果证实当 Au 核表面只包覆有单层或亚单层 Pd 原
子时，晶格失配产生的应力通过肖克利局部位错伴随堆垛层错的形式释放；当
Au 表面包覆有多层 Pd 原子之后，晶格失配的应力释放则是依靠 Au 原子扩散到
Pd 壳层中形成长程有序的 L11Au-Pd 合金结构来完成。这项研究揭示了 Au-Pd 体
系存在较大的晶格失配度的情况下仍然采用层状外延生长模式的根本原因。 
上篇三，我们利用纳米晶体晶面间结构的差异，选择性地生长单晶 ZnO 纳














摘  要 
 II
种新的晶面选择性外延生长的模式中起决定性作用。为了研究 Ag 和 ZnO 之间界








































Research on functional materials and renewable energy sources is of great 
significance and one of the most urgent challenges to the sustainable development of 
human civilization. Nanotechnology has become one of the high-tech pillars in today's 
world, but also provides the potential ways to address some of the critical challenges 
faced by new materials and new energy. As the key and foundation of nanotechnology, 
the synthesis of nanomaterials and fabrication of namodevices with the higher-level 
assembly of nanosystem in turn constitute a general approach from the basic research 
to application. This doctoral thesis is divided into two parts. Part I mainly focused on 
synthesizing and characterizing multifunctional heterogeneous nanostructures and 
systematically investigating the growth mechanism. Part II aims to design and 
fabricate a novel nanogenerator based on the new principle to efficiently harvest 
energy from the environment for self-powering small electronics and devices. The 
main research works are listed as follows: 
I-1 We developed a simple and effective route to synthesize uniform 
heterogeneous single-crystal Au@Pd and Au@Ag nanocubes from octahedral Au 
nanocrystals seeds in aqueous solution. Based on the systematic study on the 
heterogeneous growth mechanism, we have preliminarily proposed a general rule that 
the atomic radius, bond dissociation energy, and electronegativity of the core and shell 
metals play key roles in determining the conformal epitaxial layered growth mode. 
This rule would be help for designing and fabricating more complex nanostructures, 
such as multiple-shell nanostructures and metal-semiconductor nanocomposites. 
I-2 To study the mismatch-release mechanism in core-shell nanoparticles, we 
systematically characterized and analyzed the interfacial structure of Au@Pd 
nanoparticles with controlled Pd-shell thickness. For Au core coated with single 
atomic layer of Pd, the mismatch strain is released by Shockley partial dislocations 
(SPDs) accompanied by the formation of stacking faults. For nanoparticles coated 
with more Pd (>2 nm), the diffusion of Au atoms into the Pd shell layers that form a 
stable and long-range ordered L11 Au-Pd alloy phase. This study reveals the 
fundamental reason for the conformal epitaxial growth of Au@Pd nanoparticles with 
















I-3 We demonstrate a new approach for synthesizing Ag−ZnO heterogeneous 
nanostructures in which single-crystalline ZnO nanorods were selectively grown on 
{111} rather than {100} facets of Ag truncated nanocubes. We proposed a mechanism 
indicating that the structure match plays a critically important role in this new growth 
type. To study the electrical properties of the interface between Ag and ZnO, we 
prepared single heterostructured device using microscale Ag structures as seeds and 
identified the Schottky contact at the interface. These heterogeneous structures are of 
special interest and have potential applications in electrical contacts, functional 
devices, biological sensors, and catalysis. 
II-1 We have demonstrated a new, simple and effective approach of using the 
triboelectric effect and electrostatic induction of polymeric materials to convert 
mechanical energy into electric power for driving small electronics. The triboelectric 
generator (TEG) is fabricated by stacking two polymer sheets with metal films 
deposited on the surfaces. This study opens up a new way towards the design and 
application of functional and self-powered organic nanodevices.  
II-2 On the basis of the first generation of TEG, we demonstrate a new 
high-output, flexible and transparent nanogenerator by using transparent polymer 
materials. We have fabricated regular and uniform polymer patterned arrays to 
improve the output efficiency up to four times as high as the previous TEG. 
Furthermore, the as-prepared nanogenerator can be applied as a self-powered active 
pressure sensor for sensing the subtle pressure and vibration, such as the falling of a 
water droplet and feather.  
II-3 TEG exhibits great advantages in industrial production and practical 
applications and shows a potential of harvesting energy from human activities, ocean 
waves, mechanical vibration and more, with great applications in self-powered 
systems for personal electronics, environmental monitoring, medical science and even 
possibly large-scale power. 
 
Keywords: Heterogeneous nanostructures; Epitaxial growth; Lattice mismatch; 
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